REMARKS 



Applicant respectfully requests reconsideration in view of the present 
Amendment. This Amendment is filed in accordance with the Official Gazette 
notice of 25 February 2003, and the waiver to the requirements set forth under 37 
CFR § 1.121 contained therein. Currently in the application, claims 1-19 are 
cancelled, claims 1-4, 6-10, 12-19 are rewritten and re-presented as new claims 
20-36, respectively, and new claims 37-40 are added. Consequently, claims 20- 
40 are currently pending. 

A substitute specification in proper idiomatic English and in compliance with 
37 CFR § 1.52(a) and (b) and § 1.125 is supplied as required by the Examiner. 
Applicant hereby states that the substitute specification contains no new matter. 
Accompanying the substitute specification is a marked up version of the substitute 
specification showing all the changes (including the matter being added to and the 
matter being deleted from) to the specification of record. 

A substitute abstract (being of a single paragraph) is supplied as part of the 
substitute specification. Applicant submits that the substitute abstract is in 
compliance with MPEP § 608.01(b) and contains no new matter. Notice to that 
effect is respectfully requested. 

Claims 1-19 were objected to and/or rejected over various informalities and 
under 35 USC § 112. New claims 20-36 are rewritten to address corresponding 
objections and rejections. Applicant has attempted to comply with all of the 
suggestions of the Examiner with reference to the amended claims, with the 
exception of the Examiner's points 6 and 9, as explained below. 
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With reference to point 6 ("self-cleaning"), Applicant has responded to 
Examiner's assertion that self-cleaning is not sufficiently qualified by attending to 
the definition of "self-cleaning" in the specification and by removing the phrase 
from all of the claims except for claims 33 and 36. Applicant submits that claim 33 
is a process claim, and as such, the process itself defines "self-cleaning." With 
regard to claim 36, "self-cleaning" is defined within claim 36 to "ha[ve] a contact 
angle of greater than about 1 50 degrees and an off rolling angle of less than about 
1 degree." Applicant submits that the use of the phrase "self-cleaning" is 
sufficiently clear and definite in claims 33 and 36, and that the rejection under 35 
USC § 1 12 should be withdrawn. 

With reference to point 9 ("hydrophobic"), Applicant respectfully traverses 
the argument that the term "hydrophobic" renders the claim indefinite. While 
hydrophobic may be used as a relative term, it may also be used in an absolute 
sense - that is, hydrophobic is not hydrophilic nor is it neutral relative to charged 
liquid (e.g., water), equally definite is the meaning of hydrophobic as lacking an 
affinity for water, or tending not to be wetted by water. Any of these non-relative 
definitions are supported by the specification, are understood by one of ordinary 
skill in the art and are commonly available dictionary definitions. Thus, even if 
there is no standard for ascertaining a requisite degree of hydrophobicity, the 
claim element is satisfied at any degree of hydrophobicity. Applicant submits that 
the use of the word "hydrophobic" is sufficiently clear and definite in the claims, 
and that the rejection under 35 USC § 1 12 should be withdrawn. 

With particular reference to point 10 by the Examiner regarding glazed or 
enamelled substrates, the claims have been amended to define generally that the 
substrate itself may have a glaze or enamel coating on it prior to the application of 
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the, for example in claim 20, "fired-on coating." That is, the glaze or enamel is 
defined as part of the substrate, and not as part of the coating on the substrate. 

Claims 1-5, 8-11, 16 and 18 were rejected under 35 USC § 102(b) as being 
anticipated by Shouji. Claim 1 is rewritten as claim 20 to define "a fired-on coating 
disposed on a surface of the substrate." Support for a fired-on coating is found at 
least in Example 1 of the specification as filed. Shouji does not disclose "a fired- 
on coating," rather Shouji discloses only an organic polymer coating formed by the 
curing or polymerization of monomers (with or without a heat-cure step, which is 
different from a firing step). Thus, Shouji does not disclose, teach or suggest the 
invention as defined in claim 20, and claim 20 is allowable over the art of record. 
Notice to that effect is respectfully requested. 

Claims 21-23 depend from allowable claim 20 and define further features of 
the invention. It is axiomatic that a claim that depends from an allowable claim is 
also allowable. Accordingly, Applicant submits that claims 21-23 are also 
allowable. Notice to that effect is respectfully requested. 

With reference to claim 6, claim 6 is rewritten as claim 24 and defines a 
layer forming material of a coating that is a "glass or a material which forms Me-O- 
Me' structural elements." Support is found in the original specification starting at 
the bottom of page 4. As stated hereinabove, Shouji discloses only an organic 
polymer as a binder, Shouji does not disclose, teach or suggest a layer-forming 
material as defined in claim 24. Accordingly, the rejection to claim 24 under 35 
USC § 102(b) should be withdrawn. Notice to that effect is respectfully requested. 

Claim 7 was not rejected based on the art references of record. Claim 7 is 
rewritten in independent form as new claim 25 to address the objections/rejections 
based on informalities and under 35 USC § 112. Applicant submits that claim 25 
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overcomes the objections and rejections based on informalities and 35 USC § 1 12 
and, because there was no rejection based on the art references of record, is 
therefore in condition for allowance. Notice to that effect is respectfully requested. 

Claims 8-10 were rewritten as claims 26-28, respectively, to address 
objections and rejections based on informalities and 35 USC § 112. Claims 26-28 
depend from allowable claim 25 and define further features of the invention, and 
are thus also allowable. 

Claim 12 was not rejected based on the art references of record. Claim 12 
is rewritten as new claim 29 to address the objections and rejections based on 
informalities and 35 USC § 112. As there were no rejections based on the art, 
Applicant submits that new claim 29 is in condition for allowance and notice to that 
effect is respectfully requested. 

Claims 13-15 define further features of the invention and were rewritten as 
claims 30-32 to address objections and rejections based on informalities and 35 
USC § 112. Claims 30-32 depend from allowable claim 29, and are thus also 
allowable. 

Claim 16 was rejected under 35 USC § 1 12 as being anticipated by Shouji. 
Claim 16 is rewritten as claim 33 to address the objections and rejections based 
on informalities and 35 USC § 112. Claim 33 defines "firing the composition to 
form a cohesive layer." Shouji discloses a polymeric coating material that forms a 
film by polymerization, not by firing. Shouji does not disclose, teach or suggest a 
step of forming a cohesive layer by firing. Accordingly, the rejection under section 
102 is overcome and claim 33 is allowable over the art of record. Notice to that 
effect is respectfully requested. 
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Claim 17 was not rejected based on the art references of record. Claim 17 
was rewritten as claim 34 to address the objections and rejections based on 
informalities and 35 USC § 112. As there were no rejections based on the art, 
Applicant submits that claim 34 is in condition for allowance and notice to that 
effect is respectfully requested. 

Claim 18 was rejected under 35 USC § 112 as being anticipated by Shouji. 
Claim 18 is rewritten as claim 35 to address the objections and rejections based 
on informalities and 35 USC § 112. Claim 35 depends from allowable claim 33. 
As noted hereinabove, a claim that depends from an allowable claim is also 
allowable. 

Claim 19 was not rejected based on the art references of record. Claim 19 
is cancelled and rewritten as new claim 36 to address the Examiners' concerns 
stated in point 20 of the office action and to address the objections and rejections 
based on informalities and 35 USC § 1 12. That is, new claim 20 is no longer in a 
method/process form. As there were no rejections based on the art, Applicant 
submits that claim 36 is in condition for allowance and notice to that effect is 
respectfully requested. 

New claims 37-40 are added to define further features of the invention. In 
particular, the art of record does not disclose, teach or suggest "a vitreous binder 
that responds to firing by affixing the plurality of nanoscale particles to the 
substrate surface" as defined in claim 37, and claims 38-40 depend from claim 37. 
Applicant submits that new claims 37-40 are in condition for allowance, and 
allowance thereof is respectfully requested. 

In light of the foregoing, it is respectfully submitted that the present 
Application is in a condition for allowance and notice to that effect is hereby 
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requested. If it is determined that the Application is not in a condition for 
allowance, the Examiner is invited to initiate a telephone interview with the 
undersigned to expedite prosecution of the Application. 

A supplemental information disclosure statement is filed herewith in 
compliance with 37 CFR § 1.56. Accompanying the supplemental information 
disclosure statement is a statement containing concise explanations of the 
relevance of corresponding foreign language references. 

If there are any additional fees resulting from this communication, please 
charge the same to our Deposit Account No. 18-0160, our Order No. FER-12790. 



925 Euclid Avenue 
Suite 700 

Cleveland, Ohio 44115-1405 
(216) 566-9700 
Customer No. 007609 



Respectfully submitted, 

Rankin, Hill, Porter & Clark llp 




Kenneth A. Clark, Reg. 32,119 
Randolph E. Digges, 111, Reg. No. 40,590 
Shawn A. McClintic, Reg. No. 45,856 
Attorneys for the Applicant 
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SUBSTRATES WITH A SELF-CLEANING SURFACE, A PROfctSS FOR THEIR 

PRODUCTION AND THEIR USE DECEIVED 

M6 f 4 2003 

~" 1. REFERENCE TO RELATED APPLICATIONS / C 1 700 

This application is the National Stage of International Application No. 
PCT/WO/02/49980. filed December 4, 2001. which claims priority to German 
Application DE 100 63739.6 filed December 21. 2000. the disclosures of which are 
hereby incorporated by reference in theri entirety. 
Doscription 2 . TECHNICAL FIELD 

The invention relates to a substrate with at least one self-cleaning surface, 
th ooubstratco be i ng i n particu l ar a substrate e fis preferably a glass, ceramic, plastic or 
metal substrate, or a glazed or enamelled coated substrate. The self-cleaning surface 
located on the substrate is based on a coating w i th otructuro forming partic l es which i s 
located on the substrate, resu l t i ng in a the coating forming a structure, and the surface 
structure e fconfiqured to have elevations and dopross i ons: depressi o ns. Further, the 
surface is at least partly hydrophobic. The invention also relates to a composition for 
the production of a substrat oaccording to tho invent i on with at least one self-cleaning 
nurfrinn. Tho i nvention a l oo ro l atos surface, and to a process for the production of 
th osubstrato w i th at least nnn setf donn i ng Rurfaco. which cbmpr i ses same. The 
process includes coating the substrate with the abovementioned compos i tion. F i na l ly, 
d ecomposition or coating. The invention also relates to tho uoo of tho oubstratos 
accord i ng to tho invention w i th various uses of a substrate having a self-cleaning 
surface. 
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3 . DESCRIPTION OF RELATED ART 

I t is known that to achiov o To achieve both a good self-cleaning effect on a 
surface, in add i t i on to a qood surface having a good level of hydrophobicity th i s must 
also havo a m i cro rough surface structuro. there must be a micro rough surface structure 
on the surface of a substrate. Both features (micro rough and hydrophobicity) are 
realized in nature, for example, in the lotus leaf. The surface oxamplo i n the l otus loaf; 
tho surface form from of the lotus leaf has a hydrophobic material has pyramid shaped 
olo vat i ons a fow ft m from one another. Drops of wator como i nto contact substantia ll y 
on l y w i th thoso poaks. and pyramid shaped elevations that are a few urn from one 
pyramid tip to another pyramid tip. Drops of water substantially contact only with the 
tips or peaks of the pyramids so that the contact area of water to surface is minuscule 
relative to the water is m i nuscu l o, resu l t i ng i n a very low adhes i on. Thoso relat i onsh i ps 
and tho ma i n drops contacting a micro smooth surface. The reduced surface area 
results in a very low adhesion between the water drops and the micro rough surface. 
The relationship of micro rough surfaces and hydrophobicity, and the applicability of the 
" l otus effect" to techn i ca l surfaces arc tho doctrine o f 'lotus effect" on surfaces, is taught 
by A.A. Abramzon, Khimia i Zhizu (1982), no. 11, 38 40. 38 40. 

Without reference to the lotus effect, US 3, 35 4 ,022 d i sc l oses wator ropol l cnt 
surfaces, the surface having a m i cro rough structure w i th e l evat i ons and depress i ons 
and bo i ng formod from a hydrophobic mater i al, i n part i cu l ar a fluor i ne conta i n i ng 
po l ymor. According to one embod i ment, a surface w i th a se l f clean i ng effect can bo 
app li ed to ceramic br i ck or to g l ass by coat i ng tho substrate w i th a suspens i on which 
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compr i ses glas s beads w i th a d i amotor in tho range from 3 to 12 and a fluorocarbon 
wax based on a fluoroa l ky l cthoxymothacrylato po l ymer. Their low abras i on res i stance 
and moderate se l f cleaning effect are a disadvantage of such coat i ngs. LOTUS 
EFFECT^, U.S. Patent No. 3,354,022 discloses water repellent surfaces having a micro 
rough structure with elevations and depressions and a hydrophobic material. In 
particular, a fluorine containing polymer is disclosed as the hydrophobic material. 
According to one embodiment, a surface with a self-cleaning effect can be applied to 
ceramic brick or glass by coating the substrate with a suspension comprising glass 
beads and a fluorocarbon wax. The beads have a diameter in the range from 3 to 12 
lim. The fluorocarbon wax is a fluoroalkyl ethoxvmethacrylate polymer. Unfortunately, 
such coatings have a disadvantageous^ low abrasion resistance and only a moderate 
self-cleaning effect. 

Tho doctr i ne of EP 0 909 7 4 7 A1 i s a process for produc i ng a se l f c l e ani ng 
property of surfaces, i n part i cular roof t i les. The surface has hydrophob i c elevat i ons w i th 
a he i ght of 5 to 200 ^m. Such a surface is produced by app l icat i on of a d i spersion of 
powdor partic l es of an i nert mater i a l i n a si l oxano so l ution and subsequent curing. As in 
tho process acknow l edged above, tho structure form i ng partic l es are not fixed on tho 
surface of tho substrate i n an abras i on stable manner- 
European Patent No. EP 0 909 747 A1 discloses a process for producing a self- 
cleaning property of a surface. The method relates particularly to the surface of roof 
tiles. The surface has hydrophobic elevations having a height of 5 to 200 urn. Such a 
surface is produced by application of a dispersion of powder particles of an inert 
material in a silbxane solution, and subseguent curing the siloxane solution to form a 
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polysiloxane. Unfortunately, the structure forming particles are not well fixed to the 
surface of the substrate in an abrasion stable manner and thus the abrasion resistance 
is undesirably low. 

Tho doctr i no of EP Patont 0 772 51 4 is oo l f c l ean i ng surfaces of objects with a 
synthetic surface structure of o l ovat i ons and depress i ons, tho distance botwoon tho 
e l evations boing i n the rango from 5 to 200 ^ m and tho he i ght of tho o l ovations boing i n 
tho rango from 5 to 100 ja m and tho structure compris i ng hydrophob i c po l ymers or 
materia l s wh i ch have boon hydrophob i zod i n a stab l e manner. Etch i ng and embossing 
processes, and furthermore coat i ng processes arc su i tab l e for format i on of the 
structure s . I f necessary, tho formation of tho s tructure is fo ll owed by a hydrophobizat i on, 
for example a so cal l ed s i lanizat i on. 

European Patent No. EP 0 772 514 discloses a self-cleaning surface for objects 
with a synthetic surface structure having elevations and depressions. The distance 
between the elevations is in the range of from 5 to 200 urn, and the height of the 
elevations is in the range from 5 to 100 fim. The structure includes hydrophobic 
polymers, or materials that have been hvdrophobized in a stable manner. Etching, 
embossing, and coating processes are suitable to form the structure. If necessary, the 
formation of the structure can be followed by a hydrophobization step, for example a 
silanization process. 

Sim il arly structured surfaces w i th hydrophob i c propert i es are the doctrino of EP 0 
033 388 A2. Tho surface has o l ovat i ons w i th an average he i ght of 50 nm to 10 and 
an average separation of botwoon 60 nm to 10 ^m, and a surface energy of tho non 
structured materia l of 10 to 20 mN/m. To ach i eve a part i cu l ar l y l ow surface energy and 
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thus hydrophobic and oloophobic propert i e s , tho o tructurod s urface comprisos fluor i ne 
conta i ning po l ymers or has been treated us i ng a l kylfluorosi l anos. I nd i cat i ons of a l so 
using coating processes, i nstead of tho shaping processes d i sc l osed horo, for 
structuring tho surface ore not to bo obta i ned from th i s document. 

Structured surfaces with hydrophobic properties are disclosed in European 
Patent No. EP 0 933 388 A2. The surfaces have elevations with an average height of 
50 nm to 10 fim and an average separation of between 50 nanometers (nm) to 10 
micrometers (fam), and a surface energy of the non structured material of 10 to 20 
micronewtons per meter (mN/m). To achieve a particularly low surface energy, and 
thus hydrophobic and oleophobic properties, the structured surface includes fluorine 
containing polymers or has been treated using aikylfluorosilanes. 

The doctrine of DE Patent App li cat i on 100 16 4 85. 4 i s g l ass, ceramic and metal 
substrates with a se l f c l ean i ng surface based on a structured and at l east part l y 
hydrophob i zod coat i ng. Tho coat i ng comprisos a g l ass flux and structure form i ng 
particles with an average particle d i ameter i n tho range from 0.1 to 50 ^ m. Tho glass 
flux and structure forming particles are present i n a vo l ume rat i o i n tho range from 0.1 to 
5 and tho m i cro rough surface structure has a rat i o of average profile he i ght to average 
distance between adjacent profi l e peaks i n tho range from 0.3 to 10. Tho self c l ean i ng 
surface has a h i gher abrasion resistance than se l f clean i ng surface s of roof t il es 
accord i ng to tho EP 0 909 7 4 7 A1 acknow l edged above. 

German (DE) Patent Application 100 16 485.4 discloses glass, ceramic and 
metal substrates having a self-cleaning surface. The surface has a structured and at 
least partly hvdrophobized coating. The coating includes a glass flux and structure 
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forming particles with an average particle diameter in the range from 0.1 micrometers 
(urn) to 50 micrometers (|um). The glass flux and structure forming particles are present 
in a volume ratio in the range from 0.1 to 5. The micro rough surface structure has a 
ratio of average profile height to average distance between adjacent profile peaks in the 
range from 0.3 to 10. The self-cleaning surface has a higher abrasion resistance 
relative to the self-cleaning surfaces of roof tiles disclosed hereinabove. 

Tho object of tho invent i on is to prov i de substrates, in particu l ar substrates of 
glass, ceram i c, p l astic and motal and g l azod and onamo l lod substrates, w i th at l oa s t 
ono solf clean i ng surface wh i ch not on l y havo a l ow ro ll off angle or h i gh contact angio 
and thoroforo a good so l f c l eaning effect, but furthermore aro transparent. Tho so l f 
clean i ng surface shou l d havo a vory high contact ang l o w i th rospoct to wator, preferab l y 
a contact angle of about/above 150°. Tho transparency of a transparent substrate, such 
as g l ass or p l ast i c, shou l d as far as poss i ble not bo reduced. A decorat i on under tho 
se l f c l ean i ng surface should rema i n c l ear l y dotoctab l c. Accord i ng to a further object, 
g l ass, ceramic or mota l substrates or g l azod or onamo ll od substrates accord i ng to the 
i nvent i on should havo a h i gher abras i on resistance than sub s trate s wh i ch aro a l ready 
known and on wh i ch the structured surface is made of on organ i c po l ymer or comprises 
structure form i ng part i c l es bonded i n an organic 

SUMMARY OF THE INVENTION 

The present invention provides a substrate, and preferably a glass, ceramic, 
plastic, metal and/or glazed or enamelled substrate, with a self-cleaning surface. The 
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self-cleaning surface preferably has a low roll off angle or high contact angle (and 
therefore a good self-cleaning effect), and is also transparent. The self-cleaning surface 
preferably has a very high contact angle with respect to water preferably a contact 
angle of about/above 150°. 

Subjecting the substrate to a hydrophobating process according to the present 
invention preferably does not reduce the transparency of a transparent substrate, such 
as glass or plastic. Additionally, a decorated surface subjected to a hydrophobating 
process according to the present invention, where the decoration is under the self- 
cleaning surface, is preferably clearly detectable by an observer of the surface. Glass, 
ceramic, and metal substrates, or glazed or enamelled substrates, preferably have a 
higher abrasion resistance relative to known hydrophobic substrates, in particular with 
reference to a structured surface that is made of an organic polymer, or that includes 
structure-forming particles bonded using an organic polymeric material. Additionally, 
the substrates with the self-cleaning surface according to the invention are preferably 
formed using a simple po l ymer i c mater i al. Accord i ng to a further ob j ect of tho invention, 
tho substrates with tho solf c l eaning surface accord i ng to tho i nvention should bo 
obta i nab l e by means of a simp l e process, preferab l y by procossos ouch as arc used i n 
tho glass and coramics i ndustry or motal procoss i ng process. A preferred process is 
similar to processes used in the glass and ceramics industry or metal processing 
industry for decorating surfaces. These and further objects such as are deduced from 
the further description do not have to be achieved together in all the embodiments. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
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The i nvent i on accord i ngly prov i des a substrate, in part i cu l ar a substrate 
e fpresent invention provides a self-cleaning or hydrophobic coated substrate. The 
substrate is preferably glass, ceramic, plastic and mota l o r or metal, or is a glazed or 
enamelled coated substrate, and has a self-cleaning or hydrophobic coating arranged 
thereon. The coating includes particles substrate, with at least ono oo l f c l ean i ng 
surface, comprising a coat i ng which is arranged on tho substrate, compr i ses part i c l es 
wh i c hthat form a surface structure an don the coating opposite the coating side that 
contacts the substrate. The coating is at least partly superficially hydrophobic. The 
structure forming particles preferably have an average diameter of less than 100 
nanometers (nm). 

Substrates according to the invention, having a "nanoscale" structured surface 
and a superficially hydrophobic coating thereon, have an outstanding self-cleaning 
effect hydrophobic, wh i ch is charactor i zod i n tha t when the structure-forming particles 
have an average diameter of less than 100 nm. Tho subcla i ms ro l ato to nanometers 
(nm). A preferred ombod i monts. particle diameter is preferably in the range from 5 nm 
to 50 nm. 

I t has boon found that substrates with a superficia ll y hydrophob i c coat i ng w i th a 
"nanosca l o" surface structure havo an outstand i ng so l f clean i ng offoct if tho coat i ng 
comprises structure form i ng particles w i th an average d i amotor of loss than 100 nm. 
Tho partic l e d i ameter i s preferab l y in tho range from loss than 50 nm to 5 nm. Tho torm 
avorago d i amotor horo is understood as moan i ng tho d i amotor of primary part i c l es, 
andnot tho d i amotor of agg l omerates. I n genera l , at l east 00 % and preferab l y about 
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100 % of tho primary part i c l es havo a d i amotor of l oss than 100 nm and part i cu l arly 
preferab l y loss than 50 nm. Tho term "nanoscaio" moans that tho structure has 
cons i derab l y l ower profi l e h ei ghts and d i stances between profi l e poaks — apart from in 
agg l omoratos the s e are sma ll er than tho part i c l e diamotor than surfaces w i th structure 
forming part i cles i n tho m i cromotro range. 

The term "average diameter" as used herein is the diameter of primary particles, 
and is not the diameter of agglomerates. In general, at least 90 % and preferably about 
100 % of the primary particles have a diameter of less than 100 nm and particularly 
preferably less than 50 nm. The term "nanoscale" means that the structure has 
considerably lower profile heights and distances between profile peaks than surfaces 
with structure forming particles in the micrometer range (i.e., "microscale"). 

Tho structure form i ng part i c l es can bo organic or i norganic substances. 
Examp l es of tho inorgan i c substances wh i ch may be ment i oned are: meta l ox i des, 
m i xed ox i des, s i l i cates, su l fates, phosphates, borates, meta l s u l fides, oxosulfidos, 
so l cn i dos and su l foso l cnidos, meta l n i tr i des and ox i do n i tr i des and mota l powders. 
Examples of tho organ i c structure forming part i c l es wh i ch may be ment i oned are carbon 
blocks and nanosca i o organ i c po l ymoric part i c l es, and among these fluor i ne conta i n i ng 
po l ymers. Many structure form i ng partic l es w i th tho partic l e d i amotor according to tho 
cla i ms, such as, in particu l ar, 5 to l oss than 50 nm, aro commerc i a ll y obta i nab l e. They 
can otherwise bo obta i ned by precip i tat i on procossos wh i ch oro known per so or by 
pyrogon i c processes, gasoous starting substances being converted i nto pulvoru l ont 
substances. Tho structure form i ng particle s aro part i cu l ar l y preferab l y motal oxidos from 
tho series cons i sting of si l i ca (S i O^), t i tan i um d i ox i de (TiO^), a l umin i um ox i do (Ab Q^ 
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zircon i um diox i do (ZrO a ) and tin dioxido (SnO^). Those ox i dos aro particu l arly preferab l y 
pyrogon l ca ll y prepared oxides, and among those i n particu l ar s i lica. Pyrogon i c s il icas 
arc commercia l ly obtainab l e with an average primary part i c l e s i ze i n the rango from 
about 7 to 4 0 nm. 

The structure forming particles can be either organic or inorganic substances- 
Examples of suitable inorganic structure forming particles are: metal oxides, mixed 
oxides, silicates, sulfates, phosphates, borates, metal sulfides, oxosulfides, selenides 
and sulfoselenides, metal nitrides and oxide nitrides and metal powders. Examples of 
suitable organic structure forming particles are: carbon blacks, nanoscale organic 
polymeric particles, and nanoscale organic polymeric particles containing fluorine. 
Structure forming particles having a particle diameter according to the invention are 
commercially available, otherwise the particles can be obtained by precipitation 
processes which are known, for example, by pvrogenic processes, and by gaseous 
starting substances that are converted into pulverulent substances. 

The structure forming particles are preferably metal oxides selected from the 
series consisting of silica (SiO?), titanium dioxide (TiQ 2 ), aluminium oxide (AMD A 
zirconium dioxide (ZrO?) and tin dioxide (SnO?). These oxides are preferably 
pyrogenicallv prepared oxides, and among these silica is most preferred. Pvrogenic 
silica with an average primary particle size in the range from about 7 nm to 40 nm is 
commercially available. 

I n add i tion to th e structure forming part i cles, the self c l ean i ng surface of 
substrates accord i ng to the invent i on comprises a layer form i ng mater i al, wh i ch can bo 
an — i norganic or organ i c materia l . — The l ayer form i ng materia l e i ther forms a 
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homogonoouo l ayor i n wh i ch the structure form i ng partic l es arc fixed i n tho form of tho i r 
pr i mary partic l es and/or agg l omerates, or the structure forming particles are fixed on the 
substrate by moans of tho l ayor form i ng mater i a l . Some of the pr i mary partic l es and/or 
agglomerates thereof project at least partly out of tho surface and i n th i s manner form 
o l ovat i on s and dcpross i ons, wh i ch, i n addit i on to tho hydrophob i zat i on, are respons i ble 
for tho effect according to tho i nvent i on. 

As disclosed hereinabove, the self-cleaning substrate surface according to the 
invention includes a coating or layer forming material. And, the coating can be an 
inorganic or organic material. The coating can be a homogeneous layer over the 
structure forming particles where the primary particles and/or agglomerates are fixed to 
the substrate surface, or the particles are incorporated into the coating, which affixes 
the particles to the substrate surface (that is, the coating is the particles' binder). Some 
of the primary particles and/or agglomerates thereof project at least partly out of the 
coating surface to form elevations and depressions, which, in addition to the 
hydrophobization coating, are responsible for the self-cleaning effect according to the 
invention. 

Among tho l ayer form i ng mater i a l s, i norganic materia l s are particularly preferred. 
The mater ial i s exped i ent l y a v i troous materia l . Such a materia l can have boon formed 
i n the context of ceram i c fir i ng from ono or moro g l ass frits or g l ass forming raw 
materia l s. Dur i ng the firing, the v i treous material encloses structure form i ng part i c l es 
such that somo of those project out of tho surface. Tho g l ass frits emp l oyed for tho 
production of tho se l f clean i ng surface accord i ng to tho i nvention aro thoso w i th a 
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composition which h a s a molting point be l ow that of tho structure forming part i c l es and 
bo l ow tho deformat i on temperature of the substrate to bo coated. 

A preferred coating includes an inorganic material, preferably a vitreous inorganic 
material. The coating is formed by a ceramic firing process performed on one or more 
glass frits or glass forming raw materials. That is. glass frit is used that has a melt point 
that is lower relative to the substrate and the structure forming particles. That is, the 
glass frit has a melting point below that of the structure forming particles and below the 
deformation temperature of the substrate to be coated. 

During the firing, the temperature is increased to above the melt point of the 
glass frit, but below the melt point of the substrate and the structure forming particles. 
The vitreous material melts and flows to enclose the structure forming particles and affix 
the particles to the surface of the substrate. Some of the particles project away from the 
surface out of the molten glass frit. The glass frit cools to harden and bind the structure 
forming particles to the substrate surface- 
Accord i ng to an a l ternative embod i ment, tho v i treous motoria l i s a substance 
wh i ch, dur i ng firing from ono or more glass forming raw materia l s, i n part i cu l ar l ow 
mo l t i ng ox i dic or sufficient l y react i ve raw mater i a l s, forms v i troous bonds w i th 
const i tuents of tho substrate and/or some of tho structure form i ng partic l es. Those 
bonds aro structura l e l ement s of tho genera l formu l a Mo Q Me', whorcin Mo and Mo' 
can bo i dentical or different and represent boron, sil i con, phosphorus, a l um i n i um, 
t i tan i um, t i n, z i rcon i um or othor meta l s of tho substrate. 

Rather than glass frit, alternatively the vitreous material is a glass-forming 
material that forms vitreous bonds with constituents of the substrate and/or some of the 
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structure forming particles during a firing process. In particular, low melting oxidic or 
sufficiently reactive raw materials can be so used. The vitreous bonds are structural 
elements of the general formula Me-Q-Me', wherein Me and Me' are generally metals 
and can be identical or different from each other. Me and Me' are selected from the 
group consisting of boron, silicon, phosphorus, aluminium, titanium, tin, zirconium and 
other metals suitable as a substrate. 

An oxamp l o of q motoria l wh i ch contains Mo O Mo' structura l elements and in 
which tho structure forming part i cles aro omboddod i s a system ouch as is obtained, 
dur i ng fir i ng carried out aftor coat i ng, by coating g l oss or a v i troous or onamo l lod 
substrate w i th a compos i tion compr i s i ng bor i c ac i d and/or an a l ka li moto l phosphate and 
structure forming pa r t i c le s. The boric acid and/or tho phosphate thus form a chom i ca l 
bond to roact i vo groups of tho g l ass substrate or the glazing/onamo l l oyor and optional l y 
add i tional l y tho structure form i ng partic l e s dur i ng tho firing. 

An example of a material which contains Me-Q-Me' structural elements and in 
which the structure forming particles are embedded is a system obtained during a firing 
of a coating glass or a vitreous or enamelled substrate with a composition comprising 
boric acid and/or an alkali metal phosphate and structure forming particles. The boric 
acid and/or the phosphate form a chemical bond to reactive groups of the glass 
substrate or the glazing/enamel layer and may also bond with the structure forming 
particles during the firing. 

Accord i ng to a further alternative, coat i ng mater i a l s w i th Mo Q Mo' structura l 
olomonts aro thoso systems ouch as aro formod from organomota ll ic compounds of tho 
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o l omonts boron, sil i con, a l um i nium, t i tanium and z i rconium wh i ch novo at looot two 
hydro l ysab l o group i ngs during olcoho l ysis/hydrolysis with a subsequent condonoat i on 
reaction and opt i onal l y subs o quont fir i ng. 

Alternatively, coating materials with Me-O-Me' structural elements include 
systems formed from organometallic compounds of the elements boron, silicon, 
aluminium, titanium and zirconium, where the system has at least two hvdrolvsable 
groups available for alcoholvsis/hvdrolvsis with a subsequent condensation reaction, 
and an optional subsequent firing- 
Accord i ng to a proforrod ombod i mont of tho substrate accord i ng to the i nvent i on 
w i th a solf cleaning surface, tho structured coat i ng compr i ses structure forming particles 
with an avorago diameter of l oss than 100 nm, in part i cu l ar i n tho range from 5 nm to 
l oss than 50 nm, and a l ayer forming inorgan i c or organ i c materia l in a we i ght ratio i n 
the range from 100 : 1 to 1 : 2, i n part i cu l ar 20 : 1 to 1 : 1. A rat i o outs i de the limits 
mentioned i s i ndeed possib l e, but if tho content of layor form i ng mater i a l is too l ow, a 
pos s ib l y i nadequate fixing of tho structure form i ng part i c l es i s tho consoquonco. I n tho 
caso of too h i gh a content of tho layor forming mater i a l , tho so l f c l eaning effect 
decreases because the structure forming part i c les may bo sunk too low i n tho l ayer 
forming mater i a l . 

In another embodiment, a coating having a surface structure according to the 
invention includes structure forming particles with an average diameter of less than 100 
nm, and preferably in the range from about 5 nm to less than about 50 nm, and a layer 
forming inorganic or organic material in a weight ratio in the range from 100 : 1 to 1 : 2, 
in particular 20 : 1 to 1 : 1 . While a ratio outside the above parameters is possible, it is 
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believed that the content of layer forming material would be too low, and would possibly 
be inadequate to affix the structure forming particles to the substrate. If there is too 
much layer forming material, it is believed that the self-cleaning effect would decrease 
because the structure forming particles would be sunk too low in the layer forming 
material, and would not protrude sufficiently to create the desired elevations and 
depressions. 

Proforrod substrates havo a coat i ng which substant i a ll y comprise s structure 
forming part i cles and a l ayer form i ng i norgan i c materia l , but tho coat i ng can addit i ona l ly 
compriso adhesion promoters or tho s e compounds such as aro formed from aux i liary 
substances present and/or precursors of tho l ayo r form i ng mater i a l during tho 
production of tho coat i ng, includ i ng a hoat tr e atment stop which may bo necessary or 
firing. 

A preferred substrate has a coating that includes structure forming particles and 
a coating formed of a layer forming inorganic material. The coating can further include 
adhesion promoters or compounds formed from auxiliary substances present and/or 
precursors of the layer forming material during the production of the coating. The 
coating production process can include a heat treatment step, which may be necessary 
for firing. 

I n ordor to i mpart to tho structured s urface the necessary hydrophobic propert i es 
and also tho desired h i gh contact anglo, i n part i cu l ar about/abovo 150°, or l ow rol l off 
angle, i n part i cu l ar about/bo l ow 1°, there i s on the structured layor as a ru l e a 
hydrophobic l ayor, for examp l e ono such as is obta i ned by silan i zation. 
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In order to impart to the structured surface the necessary hydrophobic properties, 
and thus create the desired high contact angle and/or low roll off angle, a hydrophobic 
layer is disposed on the structured substrate surface or layer. For example, a suitable 
hydrophobic layer can be obtained by silanization. In particular, a desirable contact 
angle is above about 150°, and a desirable low roll off angle is below about 1°. The 
phrase "self-cleaning" is generally synonymous with a contact angle or a low roll off 
angle in the above-described preferred range. 

Accord i ng to a further embod i ment, tho so l f c l eaning surface according to tho 
i nvent i on a l so comprises, i n addition to tho nanosca l o e l evations and depress i ons 
produced by tho structure form i ng part i c l es, an ovor structure, e l evat i ons and 
depress i ons i n regular or stochast i c d i stribut i on form i ng a m i cro rough structure. Tho 
term "m i cro rough" moans a height of tho profi l e p o aks and a distance between tho 
profi l e peaks i n tho rango from 0.1 to 50 ^m, i n part i cu l ar 0.5 to 15 t* m. Such substrates 
according to tho i nvent i on w i th a nanosca l o and add i t i ona ll y a m i croscalo surface 
roughness con have a sing l e or two structure form i ng coatings on tho substrate, in tho 
first caso tho nanosca l o and microsca l o partic l es bo i ng d i str i buted i n a l ayer form i ng 
mater i al. I n tho second caso thoro i s a coating w i th tho nano s ca l o partic l es on a coat i ng 
w i th tho m i crosca l o partic l es which has boon app li ed beforehand . 

According to a part i cu l ar l y preferred embodiment, tho substrate is a g l ass or an 
ename l led g l ass, tho coat i ng accord i ng to tho i nvent i on to ach i ovo tho se l f clean i ng 
propert i es boing s ubstant i a ll y tran s parent. 

In another embodiment according to the invention, a microscale over structure 
forming a micro rough surface is formed on a substrate surface. A nanoscale rough 
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surface is then formed onto the microscale over structure, and the surface is then 
hvdrophobized. The over structure forms elevations and depressions in a regular or 
stochastic (random) distribution over the self-cleaning surface of the substrate. "Micro 
rough" is preferably a height of the profile peaks in a range from 0.1 micrometers (fim) 
to 50 |um and a distance between the profile peaks in a range from 0.1 micrometers 
(fim) to 50 iim, and preferably a height and distance in a range of 0.5 |am to 15 |am. 

Substrates according to the invention having a nanoscale structure over a 
microscale structure can have either one or two structure forming coatings on the 
substrate. In a single coating, the nanoscale and microscale particles are distributed in 
the same coating. In a two coating system, there is a first coating with microscale 
particles that is applied to the substrate, and subseguently a second coating with 
nanoscale particles is applied to the substrate having the microscale particles already 
affixed thereto. 

Substratoo accord i ng to tho invention w i th q oolf c l ean i ng surface havo a 
superf i c i al l y hydrophob i c coating. I f tho coating i tso l f dooo not havo hydrophob i c 
properties, th i s property i s offoctod — by appl i cat i on of a substance hav i ng a 
hydrophobizing act i on to tho structured s urface. Qrganosi l ano s , and here i n part i cu l ar 
fluorine conta i n i ng organos il ancs , ar e part i cu l arly expedient for the hydrophob i zation. I f 
the coat i ng m a ter i a l of tho structure form i ng surfac e i s a v i treous materia l , S i Q S i 
structura l e l ements can also be formed by using organos i lancs hav i ng a hydrophob i zing 
action, a s a re s u l t of wh i ch tho component hav i ng a hydrophobiz i ng action i o fixod firm l y 
to the structured substrate and tho self clean i ng properties thus romoino [s i c] 
pormonont l y. 
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With further reference to the hydrophobic coating according to the invention, the 
coating itself may not have inherent hydrophobic properties, for example when the 
coating is used as a binder for the structure forming particles rather than a hydrophobic 
overcoat. If the coating is not inherently hydrophobic, the hvdrophobicitv is effected by 
applying a hvdrophobizing substance to the structured surface. Suitable 
hvdrophobizing substances include organosilanes, and in particular fluorine containing 
organosilanes. If the coating, acting as a binder, is a vitreous material, then using 
organosilanes having a hvdrophobizing action can form Si-O-Si structural elements. As 
a result, the hvdrophobizing substance is fixed firmly to the structured substrate via the 
Si-O-Si bonds to form a permanent self-cleaning property. 

Tho invent i on furthermore rolato s to the procoss for tho production of substrates 
accord i ng to tho i nvention and to composition s such as aro usod i n tho production 
thoroof. 

The present invention relates to compositions suitable to for use in forming self- 
cleaning surfaces, and to processes for the production of substrates having self- 
cleaning surfaces using the compositions. 

Tho compos i t i ons for the production of a s ubstrate accord i ng to tho invent i on w i th 
a se l f c l eaning surface aro substance mixtures wh i ch comprise structure forming 
part i c l es w i th on average partic l e d i ameter of l ess than 100 nm, i n part i cu l ar particles 
w i th an average part i c l e diamotor i n tho range from 5 nm to l oss than 50 nm, and a 
l ayer form i ng particu l ate or l iqu i d materia l . As mentioned above, the particle diameter i s 
that of tho pr i mary part i cles and tho d i amotor of at least 00 %, preferab l y substantia l ly of 
a ll tho part i c l es, i s preferably l oss than 100 nm, or loss than 50 nm. 
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The compositions for the production of a self-cleaning substrate surface 
according to the invention are preferably mixtures that include: structure forming 
particles and a coating or layer material. The particles preferably have an average 
particle diameter of less than 100 nm, and more preferably the particles have an 
average particle diameter in the range from 5 nm to less than 50 nm. As mentioned 
above, the particle diameter is that of the primary particles and the diameter of at least 
90 %, and preferably substantially all of the particles, is preferably less than 100 nm, 
and more preferably less than 50 nm. 

Tho l ayor form i ng part i cu l ate or li quid mater i a l can bo an organ i c or i norganic 
mater i a l . Tho torm "layor forming mater i a l " i s understood as moan i ng a materia l wh i ch, 
i n tho context of app li cat i on to tho substrate by a physica l or chem i ca l routo, is capab l e 
of form i ng a homogonoous l ayor and of fixing tho structure forming part i c l es in tho layor 
or/and on tho s ubstrate. I f tho mater i al i s an organic polymoric mater i a l or precursors of 
a po l ymor, this i s prosont in tho compos i tion in tho form of a solution in an organic or 
aquoous so l vent or so l vent m i xture or i n tho form of an organ i c or aquoous suspens i on. 
Tho homogeneous l ayor is ach i eved by evaporation of tho so l vent and/or dur i ng a 
subsequent heat troatmont by fus i ng together thermop l ast i c part i c l es or by a 
condensat i on or po i yadd i t i on or polycondonsat i on. 

The coating, before application, can be in a particulate or liguid form. The 
coating or layer forming material can be an organic or inorganic material. The term 
"layer forming material" is a material that, in the context of application to the substrate 
by either a physical or a chemical route, is capable of forming a generally homogeneous 
layer and of fixing the structure forming particles in the layer or/and onto the substrate. 
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If the layer forming material is an organic polymeric material, or polymeric 
precursors, it is preferably in the form of a solution of an organic or agueous solvent or 
solvent mixture or in the form of an organic or agueous suspension. The applied 
coating or homogeneous layer is achieved by evaporation of the solvent, and then, 
during a subseguent heat treatment, by the fusing together of thermoplastic particles or 
by a condensation reaction, polvcondensation reaction, or polvaddition reaction- 
Accord i ng to proforrod ombodimonts of tho compos i t i on, this comprisos i norgan i c 
l ayor form i ng mater i a l s or at l oast precursors thereof. Particu l arly su i tab l e layor forming 
organ i c materia l s aro glass frits and ox i dic raw materia l s (- precursor s ) wh i ch aro 
capable of g l ass formation w i th othor substances, such as, i n part i cu l ar, boric acid 
b i smuth oxido (Bb Q ^), alkal i moto l and a l ka li ne oarth mota l ox i do s , z i nc ox i do 
and load ox i do as wo ll as a l ka li mota l si li cates, and phosphates and borates. Most 
g l ass form i ng substances aro conta i ned i n tho compos i t i on in part i cu l ate form. A l ka li 
mota l ox i dos and alka li mota l si li cates aro exped i ent l y conta i ned i n tho composition i n 
tho form of aquoous alkal i so l ut i on or in tho form of water glass (sod i um silicate 
solution). 

If the layer forming material is an inorganic material, suitable layer forming 
inorganic materials include glass frits and oxidic raw materials (that is, glass precursors) 
which are capable of glass formation with other substances, such as, for example, boric 
acid (B 7O 3). bismuth oxide (BbOj). alkali metal and alkaline earth metal oxides, zinc 
oxide and lead oxide as well as alkali metal silicates, and phosphates and borates. 
Most of the glass forming substances in the composition are in particulate form. Alkali 
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metal oxides and alkali metal silicates in the composition are in the form of an aqueous 
alkali solution, or are in the form of water glass (sodium silicate solution). 

Accord i ng to q further a l ternat i ve, tho composit i ons according to tho invent i on 
compr i so an organomota ll ic compound of ono or moro of tho olomonts boron, sili con, 
a l uminium, titan i um and z i rcon i um as tho l ayor form i ng materia l . Tho organomota l lic 
compounds aro preferab l y thoso wh i ch conta i n a l koxy groups, acety l groups or 
acoty l acotonato group i ngs, so that Mo O Mo' structura l olomonts aro formed by a 
conden s at i on reaction, whoroin Mo and Mo' can bo i dentical or d i fferent and repre s ent 
tho o l omonts mentioned. 

Alternatively, the layer forming material includes an organometallic compound of 
one or more of the elements boron, silicon, aluminium, titanium and zirconium as the 
layer forming material. The organometallic compound preferably contains alkoxy 
groups, acetyl groups or acetvlacetonate group, so that Me-O-Me' structural elements 
are formed by a condensation reaction. The Me and Me' can be the same or different 
from each other and represent the elements mentioned. If a pulverulent composition is 
used, the pulverulent compositions can be applied to the substrate by dusting or by 
electrostatic coating. 

Tho structure form i ng part i c l oo and tho l ayor form i ng mator i a l aro usua ll y 
conta i ned i n tho compos i t i on according to tho invent i on i n a we i ght rat i o of 100 : 1 to 1 : 
2; tho weight rat i o i s preferab l y i n tho rango from 20 : 1 to — 4-4-4-r 
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The composition that preferably includes the structure forming particles and the 
coating or layer forming material in a weight ratio of about 100 : 1 to about 1 : 2. 
Preferably, the weight ratio is in a range of from about 20 : 1 to about 1:1. 

Pulvorulont compositions according to tho i nvontion can bo app l ied to tho 
substrate by dust i ng or by electrostatic coat i ng. 

A profcrrod ombodimont of tho compos i tion accord i ng to tho i nvont i on a l so 
compr i sos, in add i t i on to tho l ayer forming materia l s and tho structure form i ng partic l es, 
a l iquid medium. Tho cons i stency of such a composit i on can bo i n wide ranges, for 
examp l e for the purpose of app li cat i on by spray i ng or d i pping, a cons i derab l y l ower 
v i scos i ty is ostab li shod than in tho case of app li cat i on of tho composit i on by a 
conventiona l pr i nt i ng process. In tho case of uso of tho compos i t i on by a print i ng 
process, for examp l e a scroon pr i nt i ng proco s s, tho consistency of tho compos i t i on is 
proforab l y paste l i ke. 

In addition to the layer forming materials and the structure forming particles, the 
composition according to the invention can also include a liquid medium. The 
consistency a composition that includes a liquid medium can be in a wide range of 
viscosities. For example, if the composition is applied by spraying or dipping, a 
considerably lower viscosity is established. But, if a conventional printing process is 
used to apply the composition a relatively higher viscosity can be used. For example, if 
a printing process, for example a screen-printing process, is used, the consistency of 
the composition is preferably paste-like. 
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The liquid medium can be an organic or organic aqueous or aqueous medium, 
which can comprise processing auxiliaries, such as agents to adjust the viscosity, in 
addition to obligatory components. 

Particular l y proforrod composit i ons wh i ch aro su i table for tho formation of a 
structured surface of a sub s trate of gla s s, coram i c, mot al or a g l azed or onamollod 
sub s trate compr i se, as tho l ayer forming mater i a l, one or mor e glass fr i t s a s tho m ain 
component, tho soften i ng point of those be i ng suffic i ently below tho deformation 
tomporaturo of tho substrate to bo cootod. I f tho compos i t i on compr i ses raw mater i a l s 
wh i ch aro capable of g l ass format i on (~ precursors), those substances wh i ch aro 
capab l e of undergo i ng chom i ca l bond i ng w i th ono another and/or with structura l 
olomonts of tho substrate and/or structura l e l ements of tho nanosca l o part i c l es undor 
convent i ona l fir i ng conditions arc chosen. Boric acid and alka li metal phosphates aro 
part i cu l ar l y su i tab l e l ayer forming mater i a l s or precursors thereof. 

A particularly preferred composition suitable for the formation of a structured 
surface of a glass, ceramic or metal substrate, or a glazed or enamelled substrate 
include (as the layer forming material) one or more glass frits as the main component. 
The softening point of the glass frits being sufficiently below the deformation 
temperature of the substrate. If the composition preferably further includes a raw 
material capable of glass formation (that is, a glass precursor). The raw material is 
selected based on the ability of the raw material to undergo chemical bonding under 
conventional firing conditions with itself, with structural elements of the substrate, and/or 
with structural elements of the nanoscale particles. For example, boric acid and alkali 
metal phosphates are particularly suitable layer forming materials or precursors thereof. 
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Us i ng a liqu i d to paste liko compos i tion which compr i ses bor i c ac i d or an a l ka li 
motal d i hydrogon phosphate as the l ayor forming materia l or precursor thereof and a 
pyrogonic oxide as the structure forming materia l , a firmly adher i ng structured surface 
can bo formed on glass which, after hydrophob i zat i on w i th an organos il ono, i n part i cu l ar 
a fluorine contain i ng organos il ono, l eads to particular l y good self cleaning propert i es. 
The contact ang l e of a g l ass coated in th i s way i s abovo 150°. 

' A preferred method according to the invention of firmly adhering to a glass 
structured surface includes using a liquid composition, or a paste-like composition, that 
includes boric acid or an alkali metal dihvdrogen phosphate as the layer forming 
material, or a precursor thereof, and a pyrogenic oxide as the structure forming material. 
Subseouent to the formation of the structured surface, the surface is hvdrophobized 
with an organosilane, preferably a fluorine containing organosilanes. The method 
results in a surface having particularly good self-cleaning properties. That is, the 
contact angle of a glass coated by this method is above 150°. 

The li qu i d medium can bo an organic or organ i c aqueous or aqueous med i um, 
wh i ch can compr i so process i ng aux ili aries, such as agonts to adjust the v i sco s ity, in 
add i tion to tho ob li gatory components. 

The surface of the m i cro rough layor is at l east part l y hydrophob i zod, i n particu l ar 
the peaks and elevations. Preferab l y, however, the entire surface is hydrophobizod. Tho 
hydrophobizat i on substant i ally comprises a very thin coat i ng, for examp l e of a thickness 
of 1 to 10 nm, wh i ch adheres firm l y to tho under l y i ng surface. Th i s adhesion i s effected 
by fi l m format i on of tho coat i ng compos i t i on after app li cation. Pref e rred hydrophob i z i ng 
agents are b o nde d chem i ca l ly t o tho substrate , f o r examp l e v i a an S i O S i br i dge. Such 
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bridges result from tho react i on of a s il anol group of a si l icotic mater i al of tho structured 
coat i ng w i th an alkoxys i lano or a l koxysi l oxano. Proforrod substrates accord i ng to the 
i nvent i on w i th a se l f clean i ng surface have a coat i ng, often on l y a few atom l ayers th i ck, 
based on an a l ky l tr i a l koxys il ano and preferab l y a longer cha i n fluoroa l kyltria l koxys i lano 
or ol i gomers of those sil an os . 

With further reference to the coating or layer forming material, the surface of the 
micro rough layer is at least partly hvdrophobized, and preferably at least the peaks and 
elevations are hvdrophobized. Preferably, however, the entire surface is 
hvdrophobized. The hvdrophobization includes the application of a very thin coating, 
which adheres firmly to the underlying surface. The thin coating has, for example, of a 
thickness of 1 nm to 10 nm. The adhesion is preferably caused by the coating 
composition's film formation after application. Preferred hydrophobizing agents 
chemically bond to the substrate to form, for example, an Si-O-Si bridge. Such bridges 
result from the reaction of a silanol group of a silicatic material of the structured coating 
with an alkoxvsilane or alkoxysiloxane. An exemplary preferred substrate with a self- 
cleaning surface according to the invention has a coating only a few atom layers thick. 
The coating is based on an alkyltrialkoxvsilane, and preferably a longer chain 
fluoroalkvltrialkoxvsilane, or an oligomer thereof. 

_Tho substrates accord i ng to tho invent i on w i th a se l f c l eaning surface can bo 
produced in a si m pl e mann e r by a process wh i ch compr i ses tho fo ll ow in g stops: 

The substrates according to the invention with a self-cleaning surface can be 
produced by a process that includes the following steps: 
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_ 1. coating of a ourfaco of the substrate w i th a compo o ition compris i ng structure 
form i ng part i cios and an i norganic or organ i c l ayer forming mater i al, this composition 
boing pu l verulent or, preferab l y, liquid to paste l ike, 

1. coating of a surface of the substrate with a composition, the composition 
including structure forming particles and an inorganic or organic layer forming material, 
the composition is pulverulent or, preferably, has a liquid to paste-like consistency, 

2. format i on of a cohesive layer which fixes the structure form i ng part i c l es and 
adheres firm l y to the substrate and 

2. forming a cohesive layer that fixes the structure forming particles and adheres 
the structure forming particles firmly to the substrate to form a structured surface; and 

3. hydrophob i zat i on of the structured surface w i th a hydrophob i zing agent, in 
particu l ar an organosi l ano, which adheres firm l y to the structured surface or forms a 
chem i ca l compound w i th th i s. 

3. hydrophobizing the structured surface with a hydrophobizing agent, preferably 
an organosilane, which adheres firmly to the structured surface, or forms a chemical 
bond thereto. 

A part i cu l ar feature of the process i s the use of structure form i ng part i c i os w i th an 
average diameter of l oss than 100 nm, preferab l y l oss than 50 nm, and at l east 5 nm. 
The profile he i ghts of tho e l evat i ons are, i f no part i c i os i n the range wh i ch form on 
ovor structure are present, loss than 100 nm, i n part i cu l ar l oss than 50 nm. The 
structure form i ng part i c i os and tho l ayer form i ng materia l s are those wh i ch have a l ready 
boon mentioned above. 
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A particular feature of the process is the use of structure forming nanoscale 
particles with an average diameter of less than 100 rim, preferably less than 50 nm, but 
at least 5 nm. The profile heights of the elevations are less than 100 nm, and preferably 
less than 50 nm. If microscale particles in the urn range that form an over structure are 
present, then the nanoscale particles are arranged on the microscale particles. 

Tho compos i tions to bo app li ed by moans of a convont i ona l coat i ng process 
proforably compriso tho constituents ossont i a l to tho invent i on, that is to say tho 
structure forming part i c l es and tho l ayor form i ng mater i a l , in a ratio of amounts wh i ch 
has a l ready boon mont i onod above. If a pu l veru l ent composit i on is used for tho coating, 
this can bo carr i od out by dust i ng tho substrate or by e l ectrostatic coat i ng. Tho coating 
i s preferab l y carried out us i ng a l iqu i d to paste l i ko compos i tion, tho l iqu i d med i a 
conta i ned in such a compos i t i on be i ng thoso systems such a s aro known to tho export, 
i n part i cu l ar tho decoration expert in tho glass and ceramics i ndustry. The coat i ng w i th a 
li qu i d to pasto li ko composit i on can bo carr i od out by spraying, brush i ng, pouring or 
d i pp i ng or by means of a convont i ona l pr i nt i ng proc e ss, such as a screen printing or a 
dabbor transfer pr i nt i ng process. 

A conventional coating process type composition includes the structure forming 
particles and the layer forming material and is applied by conventional coating 
processes. A pulverulent coating type composition is applied to the substrate surface 
by dusting the substrate or by electrostatic coating. A printing coating type composition 
preferably has a liquid to paste-like composition and is preferably applied to the 
substrate surface by spraying, brushing, pouring, dipping or by another conventional 
printing process, such as a screen printing or a dabber transfer printing process. 
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_Tho foaturo "formation of a cohosivo layor wh i ch adhoroo firmly to the substrate 
and fixoo tho structure form i ng part i cloo" can vary a ccord i ng to the substrate to bo 
coatod and tho compos i t i on of tho coat i ng compos i t i on. If the compos i tion compr i ses an 
organ i c po l ymeric mater i a l wh i ch is pu l veru l ent or suspended in a li qu i d med i um, a 
cohosivo l ayor can bo produced by pass i ng tho coated s ubstrate to a heat treatment, 
so l vent optionally present evaporat i ng and polymer part i cles fus i ng together or, i n the 
case of mu l ti component systems, reacting to g i vo a polymeric materia l . 

The "formation of a cohesive layer which adheres firmly to the substrate and fixes 
the structure forming particles" can vary based on the substrate to be coated and by the 
coating composition and type. A cohesive layer can be produced by passing a coated 
substrate to a heat treatment if the composition includes an organic polymeric material 
that is either pulverulent or suspended in a liguid medium. The solvent, if present, 
evaporates, and polymer particles fuse together. Or, in the case of multi component 
systems, precursors react to form a polymeric material that binds the structure forming 
particles to the substrate surface- 
Compos i tions wh i ch are app li ed to a substrate wh i ch can underg o firing, that is to 
say a g l ass, coram i c or metal substrate or a g l azed or ename ll ed substrate, and 
compr i se a g l ass frit or constituents wh i ch are capab l e of glass format i on w i th tho 
substrate surface and/or tho part i cles, can bo converted i nto a cohes i ve structured layor 
by a heat treatment, that is to say in th i s caso fir i ng. During f i r i ng, tho g l ass frit molts to 
a homogeneous layor; tho con s t i tu e nts of the composition which are capable of g l ass 
formation form [sic] a chem i ca l react i on w i th roact i vo groups of tho substrate and/or tho 
structure form i ng particles to form vitreous structures with structura l e l ements of tho 
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formu l a Mo Q Mo', wh o ro i n Mo and Mo' have th o moaning already g i ven. The glass frits 
and/or const i tuents cap a b l e of g l ass format i on conta i ned i n tho composition aro choson 
such that the heat treatment, that i s to say the fir i ng, can bo carriod out at a tomporaturo 
be l ow tho deformation tompcraturo of tho substrate. I n the coating of g l ass, tho 
composit i on w il l accord i ng l y compr i se those l ayer forming constituents wh i ch mo l t 
be l ow 650 °C, i n part i cu l ar in the range from 4 50 to 600 °C and can form tho requ i r e d 
structures- 
Some compositions according to the invention can be converted into a cohesive 
structured layer by a heat treatment or a firing process. The proviso is that the 
substrate must be able to withstand the heat treatment or firing process. Suitable 
substrates include glass, ceramic, or metal substrates or glazed or enamelled 
substrates. The compositions that can so convert include glass frit or constituents that 
are capable of glass formation with the substrate surface and/or the particles. 

During the firing process, the glass frit melts to form a homogeneous molten 
layer. The composition that is capable of glass formation, undergoes a chemical 
reaction with reactive groups of the substrate and/or the structure forming particles to 
form a vitreous structure having structural elements of the formula Me-O-Me'. The 
glass frits and/or constituents capable of glass formation contained in the composition 
are selected such that the heat treatment is performed at a temperature below the 
deformation temperature of the substrate. In the coating of glass, the composition will 
accordingly comprise those layer-forming constituents that melt below about 650 °C, 
and preferably melt in the range of from about 450 to about 600 °C, and can form the 
reguired structures. 
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Tho nanoGtructurod coat i ng to bo app l ied to the substrate can have a vary i ng 
l ayer thickness. Preferab l y, the l ayer th i ckness of l ayers which compr i se as structure 
forming part i c l es exc l us i ve l y particles according to tho i nvent i on with an average 
d i ameter of l ess than 100 nm, in part i cu l ar l ess than 50 nm, and at least 5 nm i s in the 
range from 5 to 1000 nm. I f tho composition add i tiona ll y comprises l arger structure 
forming part i c l es, for example particles w i th a d i ameter i n the range from 0.5 to 15 t*mi 
tho maximum height of tho layer i s of course h i gher. I n tho case ment i oned l ast, tho 
nanoscalo structure accord i ng to tho invention i s on a m i cro rough over structure. 
Alternat i ve l y, i t i s a l so poss i b l e for a substrate with a micro rough surface structure, for 
example a surface structure such as substrates accord i ng to DE Patent App li cation 100 
16 4 85. 4 havo, a l ready to bo coatod with a compos i tion accord i ng to tho i nvention wh i ch 
comprises as structure forming part i c l es s ubstant i al l y only part i cles w i th a partic l e 
d i ameter of l oss than 100 nm, preferab l y l oss than 50 nm, to bo baked and then to bo 
hydrophob i zod. 

A nanostructured coating according to the invention can have a varying layer 
thickness. Preferably, the layer thickness is in the range of from about 5 nm to 1000 
nm. If the coating additionally includes the larger particles (to form the microscale 
overstructure), the maximum height of the layer higher. Alternatively, a substrate 
already coated with a composition that forms a micro rough surface structure, preferably 
includes a coating using only nanoscale particles having a particle diameter of less than 
100 nm, preferably less than 50 nm. After the nanoscale coating is applied the 
substrate can be baked and hvdrophobized. 

After tho formation of th o structured surface, the hydrophob i zat i on stage fo ll ows: 
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After the formation of the structured surface, the hvdrophobization stage follows: 
Tho hydrophob i zat i on can bo carriod out by app li cat i on of a hydrophobic l acquor 
or by po l ymerizat i on of monomors on tho micro rough ourfaco. Suitab l e po l ymor i c 
l acquors aro solutions or dispersions of o.g. polyvinyl i dono fluor i do. A hydrophobizat i on 
can also bo carr i od out by p l asma po l ymor i zation of comploto l y or part l y fluorinatod v i ny l 
compounds. 

The hvdrophobization can be carried out by application of a hydrophobic lacquer 
or by polymerization of monomers on the micro rough surface. Suitable polymeric 
lacguers are solutions or dispersions of e.g. polwinvlidene fluoride. A hvdrophobization 
can also be carried out by plasma polymerization of completely or partly fluorinated vinyl 
compounds. 

Tho hydrophob i z a t i on is p a rt i cular l y o xp o d io nt l y carr i od out us i ng reactive alkyl 
or, proforab l y, fluoroa l ky l s il ane s and o li gomoric alky l — or fluoroo l ky l s il oxanos. Tho 
s il anos or s il oxanos proforab l y conta i n ono or moro a l koxy or acetyl groups, such ao 
othoxy groups, as tho rcact i vo group. Cross l ink i ng of tho hydrophob i z i ng agont and also 
chomica l bonding thereof to a s i licatic surface conta i n i ng si l ano l groups i s poss i b l e by 
moans of thoso functiona l group s. Si l an i z in g agonts which aro part i cular l y proforab l y to 
bo usod aro tr i docafluoroocty l tr i othoxy s i l ano and oligomers thereof. Such products can 
bo app l ied to tho surface to bo hydrophob i zod in tho form of dilute organ i c, i n part i cu l ar 
a l coho li c, aquoous organic and oquoous so l ut i ons, for oxamp l o by d i pp i ng, spray i ng or 
brush i ng. 

The hvdrophobization is carried out using reactive alkyl or. preferably, 
fluoroalkylsilanes and oligomeric alkyl or fluoroalkylsiloxanes. The silanes or siloxanes 
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preferably contain one or more alkoxv or acetyl groups, such as ethoxv groups, as the 
reactive group. Crosslinking of the hydrophobizing agent and also chemical bonding 
thereof to a silicatic surface containing silanol groups is possible by means of these 
functional groups. Preferable silanizing agents include tridecafluorooctyltriethoxysilane 
and oligomers thereof. Such products can be applied to the surface to be 
hydrophobized by, for example, dipping, spraying or brushing in or with a dilute organic 
solution, preferably an alcoholic solution, or an agueous organic solution or an agueous 
solution. 

After app li cat i on of a so l ution compr i sing a fluorino conta i n i ng s il ano or s il oxano 
to tho substrate, tho substrate i s dried and cured, preferably at a tomporaturo of up to 
500 °C, for oxomp l o for 30 60 m i n at about 150 °C, 10 15 m i n at 250 to 300 °C or 1 min 
a t about 500 °C. Tho opt i mum of tho after troatmont w i th hoot i n rospoct of highest 
abras i on rcsi s tanco is at a tomporaturo in tho rango from 200 to 300 °C. 

After applying a solution that includes a fluorine containing silane or siloxane to 
the substrate, the substrate is dried and cured. The drying and curing is preferably at a 
temperature of up to about 500 °C. The dry or cure time is, for example. 30 to about 60 
min at about 150 °C, 10 to 15 min at 250 to 300 °C, and about 1 minute at about 500 °C. 
The optimum heat treatment to elicit the highest abrasion resistance is at a temperature 
in the range from 200 to 300 °C. 

Us i ng d i lute so l ut i ons of tho s il anoo or s il oxanos ment i oned, l ayers a few nm 
th i ck which havo a vory h i gh chom i cal and mechan i cal rosistance and are 2 and 3 
d i mens i ona l s i loxano networks arc obta i ned. 
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Tho hydrophobic l ayers accessible us i ng reactive fluoroa l kylsi l anos or s il oxane s 
are d is tinguished by a sim il arly good hydrophob i city and oloophob i c i ty, so that 
substrates accord i ng to tho i nvent i on contaminated w i th hydrophob i c dirt part i cles can 
also eas i ly bo cleaned with water. 

Using dilute solutions of the silanes or siloxanes mentioned, layers a few nm 
thick that have a very high chemical and mechanical resistance and are 2 and 3 
dimensional siloxane networks are obtained. The hydrophobic layers accessible using 
reactive fluoroalkylsilanes or -siloxanes are distinguished by a similarly good 
hydrophobicity and oleophobicity, so that substrates according to the invention 
contaminated with hydrophobic dirt particles can also easily be cleaned with water. 

The i nvention a l so relates to tho use of a substrato accord i ng to tho invention 
w i th a self c l ean i ng surface. Examples are g l ass panos for vehicles and w i ndows, 
construction g l a s s, ceramic tiles, roof tilos, covers on photovo l ta i c solar co ll s, metal 
profi l e s and l acquered substrates, such as car lacquors. 

The invention also relates to the use of a substrate with a self-cleaning surface- 
Examples of such uses include glass panes for vehicles and windows, construction 
glass, ceramic tiles, roof tiles, covers on photovoltaic solar cells, metal profiles and 
lacguered substrates, such as car lacguers. 

The substrates according to tho invent i on w i th a se l f c l ean i ng surface arc 
d i stinguished by a very high effic i ency of tho se l f clean i ng property. The contact ang l e 
of proforrod substrates accord i ng to tho invent i on w i th rospoct to wator i s i n genera l 
about and often above 150°. 
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A part i cular l y outstanding feature of substrates accord i ng to tho i nvention i o tho 
tran s parency of the nano s tructurod coat i ng. Tr a nsparent s ubstrates of p l ast i c and g l ass 
and g l azed or ename l led substrates are accord i ngly part i cu l arly su i tab l e for be i ng 
provided w i th a transparent coating according to the invent i on and therefore for 
obta i n i ng h i gh quality self cleaning surfaces which are themse l ves transparent and 
therefore a l so c l ear l y revea l underly i ng decorations. 

A particularly outstanding feature of substrates according to the invention is the 
transparency of the nanostructured coating. Transparent substrates of plastic and 
glass, and of glazed or enamelled substrates are suitable for use as a transparent 
coating and therefore useful for surfaces of substrates that are themselves transparent, 
or are decorated, and to thus reveal underlying decorations. Advantages of 
compositions according to the invention include easy accessibility and range of 
composition variation. The compositions are useful to coat diverse substrates and still 
produce good self-cleaning properties. 

Essent i a l advantages of compos i t i ons according to tho i nvent i on are the i r easy 
acces si b il ity and range of var i at i on i n respect of composition. Tho compos i t i ons can 
therefore be used for coating the mo s t d i ver s e s ubstrates andproduc i ng good s e l f 
cleaning propert i es. 

Tho stages of tho proces s accord i ng to tho i nvention aro based c l ose l y on those 
process stages such as are usod, for examp l e, for decoration purposes i n tho glass and 
ceram i cs i ndustry, but aro also conventiona l i n tho la cquer i ng of meta lli c substrates w i th 
stoving l acquers. Tho dev i ces and technologies known to tho export can therefore bo 
usod. 
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The stages of the process according to the invention are based closely on those 
process stages such as are used, for example, for decoration purposes in the glass and 
ceramics industry, but are also conventional in the lacguering of metallic substrates with 
stoving lacguers. The devices and technologies known to the expert can therefore be 
used. 

Examp l es 
EXAMPLES 

1. Production of f l oat g l oss or h i gh grado stool w i th a transparent solf c l eaning 
s urfac e 

EXAMPLE 1 - Production of float glass or high grade steel with a transparent 
self-cleaning surface. 

4 mm float g l a s s was coatod w i th a compo s it i on according to tho invont i on by 
means of s croon pr i nt i ng. Tho compo s it i on compr i sed 0.5 wt.% bor i c acid (B^ Q g) and 4 
wt.% pyrogonic s i l ica i n a screen print i ng med i um (no. 80858 from dmc 5 AG). Tho 
pyrogon i c s i lica had an avorago diamotor of tho pr i mary partic l es of 12 nm. Tho pr i nting 
med i um wa s a water fr i end l y med i um. Tho s croon pr i nting was carried out using a 100 
T s creen. After dry i ng, th e coat i ng w a s s hoc k f i red a t 660°C i n tho c our s e of 4 min. Tho 
hydrophob i zat i on of the — s tructu r ed — s toved s u r fac e was carr i ed — out us i ng — a 
fluoroa l ky l s il ane — formu l at i on, — that — is — te — say — an — othano li c — so l ut i on — ef 
tr i docafluoroocty l tr i othoxys il anc. The so l ution was i ntroduced over tho surface, and 
cur i ng was then carried out at elevated temperature. 

Tho float g l ass coated i n th i s way was transparent and had a contact ang l e of 
above 150°. 
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A 4 millimeter (mm) float glass was coated with a composition according to the 
invention by means of a screen printing process. The composition included 0.5 wt.% 
boric acid (B7O3) and 4 wt.% pyrogenic silica in a screen printing medium (no. 80858. 
commercially available from dmc 2 AG (Germany)). The printing medium was a water 
friendly medium. The pyrogenic silica had an average diameter of the primary particles 
of 12 nm. The screen printing was carried out using a 100 T screen. After drying, the 
coating was shock fired at 660 °C in the course of 4 min. The hydrophobization of the 
structured stoved surface was carried out using a fluoroalkylsilane formulation, that is to 
say an ethanolic solution of tridecafluorooctvltriethoxvsilane. The solution was 
introduced over the surface, and curing was then carried out at elevated temperature. 
The float glass coated in this way was transparent and had a contact angle of above 
150°. 

2. Examp l e 1 was ropoatod w i th tho only d i fference that tho compos i t i on 
compr i sod 0.5 wt.% d i ammon i um hydrogen phosphate ((NH)3 HPQ 4 ) [s i c] instead of 
boric acid as tho l ayor forming mater i al. Aftor tho hydrophob i zat i on, tho g l ass coat i ng 
showed outstand i ng solf c l eaning propert i es. 

EXAMPLE 2 - Production of float glass or high grade steel with a transparent 
self-cleaning surface. 

The method used was the same as described in EXAMPLE 1. except that the 
composition comprised 0.5 wt.% diammonium hydrogen phosphate ((NHbHPCU) 
instead of boric acid as the layer forming material. After the hydrophobization, the glass 
coating showed outstanding self-cleaning properties. 
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I t i s assumed that during fir i ng v i troous structures w i th tho structura l olomont S i 
O B or S i O P or metal Q P form between the boric ac i d or the phosphate and reactive 
centres of tho g l ass or meta l and tho structure form i ng s il ica particles. 

It is assumed that during firing vitreous structures with the structural element Si- 
O-B or Si-O-P or metal-Q-P form between the boric acid or the phosphate and reactive 
centres of the glass or metal and the structure forming silica particles. 

Substrate wa s dogrcascd V 4 A h i gh grad e stoo l . A compos i t i on w i th 4 wt.% 
pyrogcnic s il i ca (d = 12 nm) and d i ammon i um hydrogen phosphate in an amount of (a) 
0.25 wt.%, (b) 0.5 wt.% and (c) 1.0 wt.% in screen pr i nt i ng medium 80858 was used for 
tho coat i ng. After coat i ng by moans of screen pr i nting, fir i ng was carr i ed out for 6 
m i nutos at 660 °C. A scratch resistant self clean i ng surface was obta i ned in al l throe 
cases. 

EXAMPLE 3 - Production of a metal substrate having a self-cleaning surface. 

The substrate was degreased V4A high grade steel. A composition with 4 wt.% 
pyrogenic silica (having a diameter of 12 nm) and diammonium hydrogen phosphate in 
an amount of (a) 0.25 wt.%, (b) 0.5 wt.% and (c) 1.0 wt.% in screen printing medium 
80858 was used for the coating. After coating by means of screen printing, firing was 
carried out for 6 minutes at 660 °C. A scratch resistant self-cleaning surface was 
obtained in EXAMPLES 1-3. 
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What i s claimod is: 

1. A substrate, i n particu l ar a substrate with at l east ono se l f c l ean i ng surface, the 
s ubstrate compr i s i ng a coating of g l ass, ceram i c, p l ast i c and meta l , or a g l azed or 
enamel l ed substrate, whore the coating comprises partic l es wh i ch form a surface 
structure that is at least partly superficia ll y hydrophob i c, where i n, the structure form i ng 
particles have an average d i ameter of loss than 100 nm. 

2. A substrate with a s e l f c l eaning surface as defined i n c l aim 1 , wherein 
th e s tructure forming part i c l e s have an averag e diameter of loss than 50 nm and at 
l east 5 nm. 

3. A substrate with a se l f cleaning surface as defined i n claim 1, whoro i n 
the structure form i ng partic l es are chosen from the ser i es cons i st i ng of meta l oxidos, 
m i xed ox i des, si l icates, sulfates, phosphates, borates, carbon b l acks, meta l powders, 
metal su l fides, so l cnidos, su l foso l on i dos and oxosu l fidos, meta l n i trides and ox i de 
n i tr i des and organ i c po l ymers. 

4 . A substrate w i th a se l f clean i ng surfa c e as defined in c l a i m 1, wherein the 
structure forming part i c l es arc meta l oxides from the ser i es consist i ng of S i O^, T i O^ 
A^Q a, ZrOg and SnOj, i n particu l ar pyrogcn i cally prepared ox i dos thereof. 

5. A substrate with a self c l eaning surface as defined in c l aim 1, whoroin the 
coat i ng comprises the structure forming part i c l es bonded i n or by moans of an inorgan i c 
or organ i c l ayer form i ng materia l . 

6. A substrate with a so l f c l ean i ng surface as defined i n cla i m 5, whore 
the l ayer form i ng materia l is a glass or a mater i a l wh i ch forms Mo O Mo' structural 
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oiomonts, whoro i n Mo and Mo' aro i dent i ca l or d i fferent and roprcoont B, S i , A l , P, Ti, 
Sn orZr. 

7. A substrate w i th a se l f c l ean i ng surface a o defined in c l aim 5, whore i n addition 
to tho structure form i ng particles with an average d i amotor of l oss than 100 nm, i n 
part i cular l oss than 50 nm, the layer according to tho i nvent i on or a l ayor app li ed 
underneath w i th a m i cro sca l e s urface structure a l so compr i sos particles which form on 
ovor structure and havo an average diamotor of 0.1 to 50 ^ m, in part i cular 0.5 to 15 ^mr 

8. A substrato w i th a se l f clean i ng surface as defined i n c l a i m 5, whore tho 
coat i ng compr i sos structure form i ng particles with an average d i amotor of l oss than 100 
nm, in part i cu l ar l oss than 50 nm, and ono or moro l ayor form i ng i norgan i c or organic 
materials in a we i ght rat i o i n tho range from 100 : 1 to 1 : 2, in part i cu l ar 20 : 1 to — 

9. A substrato w i th a self clean i ng surface as defined in c l aim 1, whoro the 
substrate i s g l oss or a p l ast i c or an onamo ll od or g l azed substrato. 

10. A substrato as defined i n c l aim 9, whoro tho substrato i s g l ass and tho 
sub s trate coated according to tho i nvent i on i s substant i a ll y transparent. 

11. A compos i t i on for tho production of a substrato w i th at l east ono so l f c l ean i ng 
surface as defined i n c l aim 1, whoro tho composit i on compr i sos structure form i ng 
part i c l es w i th a part i c l e diameter of l oss than 100 nm, i n particu l ar loss than 50 nm, and 
at l east 5 nm, and a l ayor forming particu l ate or li qu i d materia l in a weight rat i o of 100 : 
1 to 1 : 2. 

12. A composition as defined i n claim 11, whoro tho l ayor form i ng material 
compr i sos as tho ma i n component ono or moro g l ass fr i ts or/and ono or moro g l ass raw 
mator i o l s wh i ch, dur i ng firing, form a g l ass or v i troous structure s w i th ono another 
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or/ond w i th groups of tho substrate or/and of tho structure forming partic l es wh i ch arc 
capab l e of g l ass format i on. 

13. A compos i tion as defined i n cla i m 12, whore tho compos i tion substant i a ll y 
comprises structure form i ng partic les and a l ayer form i ng mater i al, in part i cu l ar, a 
part i cu l ate materia l which can bo suspended i n a l iqu i d medium. 

1 4 . A compos i t i on as defined i n cla i m 11, whore tho compos i t i on compr i ses 
structure form i ng partic l es accord i ng to the invention w i th a part i c l e d i ameter of loss 
than 60 nm and at least 5 nm, i n particular a s ili ca, and, as tho layer form i ng mater i a l , 
one or moro ox i des from tho ser i e s cons i st i ng of Bg Q^-BigQ ^, a l ka li meta l ox i des, zinc 
oxides and l oad ox i des or borates, s il icates or phosphates or a g l ass frit wh i ch molts 

15. A compos i t i on as defined i n c l a i m 1 4 , wh or e tho composit i on substantia l ly 
comprises 1 to 10 wt.% pyrogon i c s i l i ca (SiOg) and 0.1 to 2 wt.% bor i c ac i d (B gQ ^), alka li 
meta l or ammon i um dihydrogon phosphate or d i a l kal i meta l or d i ammon i um hydrogen 
phosphate or a g l ass frit wh i ch molts be l ow 600 °C, in each caso based on the 
composit i on, and a print i ng med i um. 

16. A process for tho production of a substrate w i th at l east one se l f c l ean i ng 
surface as defined i n c l aim 1, compr i sing (i) coat i ng of a s urface of tho substrate w i th a 
composit i on compris i ng structure form i ng part i c l es and an i norganic or organ i c l ayor 
form i ng mater i a l , ( ii ) formation of a cohesivo layer wh i ch fixos tho structure form i ng 
part i cles and adheres firm l y to tho substrate and (i ii ) hydrophob i zat i on of tho structured 
surface formed, whoro tho structure forming part i cles have an average d i ameter of l oss 
than 10 nm, preferab l y loss than 50 nm, and at l east 5 nm. 
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17. A process a s defined in c l aim 16, whoro a substrate from the sor i oo consist i ng 
of glass, ceramic, p l ast i c and meta l or a glazed or onamo ll od substrates, which can 
already havo a micro rough surface, is coated w i th a compos i t i on accord i ng to c l a i m 11, 
which compr i ses a g l ass frit or a g l ass forming raw material, the coated substrate i s 
subjected to firing su i table for the formation of a f i rmly adher i ng cohes i ve l ayer, and th e 
structured — surface — conta i ned — is — coated — with — an — organos il an c , — m — part i cu l ar 
fluoroorganos il ano, and thereby hydrophob i zod. 

18. A process as defined i n cla i m 16, whoro the compos i t i on used to form the 
surface structure is app li ed in a li qu i d to posto like consistency by moons of a print i ng 
process, by spraying, brushing, pour i ng or dipp i ng. 

19Tho us e of a substrate w i th a se l f c l ean i ng surface as def i ned i n c l a i m 1 for 
the production of glass panes for veh i c l es and windows, con s truction g l as s , ceramic 
tiles, roof t il es, covers on photovo l ta i c so l ar col l s, meta l prof il es and lacquered 
substrate s . 
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Subotratco w i th a s o l f cleaning surface, a procooo for tho i r production and thoir 

HOC 

Abstract ABSTRACT OF THE INVENTION 

Substrates, in part i cular a A substrate of glass, ceramic, plastic and metal and 
glazed or ename ll ed substrates, with a se l f clean i ng surface compr i se an at l ea s t part l y 
superfic i a ll y hydrophobic structured (e l evations and depress i ons) co a t in g l ocated on the 
substrate, metal, or a glazed or enamelled substrate, with a self-cleaning and/or 
hydrophobic surface. The substrate having disposed thereon a coating that includes a 
plurality of particles affixed to the surface of the substrate by a binder. The particles are 
preferably of nanoscale size and extend outwardly from a surface of the coating to form 
a nano-rough surface. The nano-rough surface causes a hydrophobic or water 
repellent effect. The binder can be formed from an organic or an inorganic material and 
operates to fix the plurality of particles to substrate surface- 
Substrates accord i ng to tho i nvent i on comprise partic l es w i th an average 
diameter of l oss than 100 nm, i n particular 5 to l oss than 50 nm, for format i on of tho 
s tructure of tho coating. 

Compos i t i ons accord i ng to the i nvention which aro omp l oyod for tho product i on 
of tho structured coating of substrates accord i ng to tho i nvent i on comprise, i n add i t i on to 
tho structure forming part i c l es, a layer form i ng materia l in a we i ght rat i o of 100 : 1 to 1 : 
2, i n particu l ar 20 : 1 to 1:1. 

I n add i tion to hav i ng good solf cleaning propert i es, the coating i s d i st i ngu i shed by 
its transparency. Tho use of tho substrates is aimed i n part i cu l ar at tho most d i verse 
g l ass articles. 
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